Cellular mechanisms of protection and repair induced by radiation exposure and their consequences for cell system responses.
The complex biological systems that constitute living organisms operate at various levels of organization, from the atomic-molecular to the cellular to the organ-organism level. The response of an organism to disturbances that are detrimental to structure and function generally begin at the level of organization where the primary injury has occurred. Detriment that occurs from simultaneous or sequential, or single or multiple interactions at a relatively low level of organization tends to be transferred to higher levels. However, at each level of organization there is a given probability of such detriment being removed according to the tolerance to injury that is peculiar to that level. There is thus a direct relationship between the frequency of injurious events at a lower level of organization, and the degree of structural complexity of the system at the high level at which such detriment is eventually manifested. The extent of structural disruption at any given level determines the degree of functional failure at that level. In the exposure of tissue to ionization radiation, the primary injury begins with energy deposition events (tracks or hits) consisting of many ionizations and excitations in localized clusters of submicroscopic dimensions at the atomic-molecular level of organization within the cell, and the cell is affected as a whole. The cell is the elementary unit of life and the sum of the individual cell responses determines the response of the tissue and the organism. Individual cell responses are nevertheless found to differ in type and degree depending on the absorbed dose. With decreasing values of absorbed dose to the tissue, the probability of a cell being hit by an energy deposition event decreases linearly. At very low values of absorbed dose to tissue, only a fraction of the total cell population experiences single hits and these are of different sizes. The size distribution or spectrum of these hits is invariant, independent of their total number over a considerable range at low-dose levels and is determined only by the type and quality of the given radiation. The probability that a hit cell will suffer a given detriment such as a chromosomal aberration, gene mutation or death has been shown to increase in a sigmoid fashion with increasing hit size.(ABSTRACT TRUNCATED AT 400 WORDS)